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(57) A downhole longitudinal force generator, com- 
prises a longitudinal force generating and transmitting 
assembly adapted to be moved into a well (8); and a 
controller (4) adapted to be moved into the well (8) and 
connected to the longitudinal force generating and 
transmitting assembly. The controller (4) includes a 
memory (26) containing a program to control the longi- 
tudinal force generating and transmitting assembly to 
obtain at least one desired operating condition in the 
well (8). 
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Description 

[0001] This invention relates generally to force gener- 
ators and force generating methods used downhole in 
a well, such as an oil or gas well. A particular aspect of 
the invention is its automated control which enables var- 
ying degrees of different states of operation to be ob- 
tained. For example, a particular embodiment of the in- 
vention provides for variable control of fluid flow through 
an ■infinitely" variable choke that is operated across a 
continuum of "openness" or "closedness" as distin- 
guished from merely one open state and one closed 
state. 

[0002] Although the present invention can be used in 
any type of borehole in which the usefulness of the in- 
vention is needed, it will be described with reference 
specifically to an oil or gas well. In drilling, testing, com- 
pleting and producing such a well, many different types 
of equipment can be used in the well. Some of this 
equipment is operated by a force applied to the equip- 
ment. For example, a valve is one type of equipment 
typically used in an oil or gas well, and a force typically 
needs to be applied to the valve member to rotate or 
slide it between fully closed and fully open positions. 
[0003] Different types of forces may be needed to ac- 
complish the foregoing. One example is a hydraulic 
force exerted by a fluid under pressure. Another exam- 
ple, and the one relevant to the present invention, is a 
mechanical force exerted by one structural body moved 
relative to another structural body. Such force can act 
in different directions. In a preferred embodiment of the 
present invention, the force acts longitudinally relative 
to the well. An example of a longitudinally acting force 
generating apparatus is shown in US Patent No. 
5,492,173. 

[0004] A shortcoming of the apparatus disclosed in 
this patent is that it does not have the ability to variably 
control itself. The apparatus provides a longitudinal 
force to operate a device down in a well; however, the 
patent does not disclose a programmed downhole con- 
troller to control the apparatus across a continuum, or 
to different degrees, of one or more general states. With 
regard to fluid flow, this control is desirable such as for 
obtaining different flow rates or for maintaining a con- 
stant flow rate even as a flow control orifice of the down- 
hole device being operated deteriorates because of an 
abrasive fluid flowing through it. Thus, there is the need 
for a downhole force generator and a downhole force 
generating method by which variable control of a down- 
hole operated device can be obtained. Preferably such 
control should be obtained automatically, such as to im- 
plement a single event or a preprogrammed sequence, 
and at relatively low cost. 

[0005] The present invention overcomes the above- 
noted and other shortcomings of the prior art, and sat- 
isfies the aforementioned needs, by providing a novel 
and improved force generator and force generating 
method. The present invention achieves variable control 



of a downhole operated device. This preferably occurs 
automatically by a programmed controller operating a 
downhole power unit through which the force is gener- 
ated. 

s [0006] Other intended advantages of the invention in- 
clude: more reliability than obtained from manipulating 
a carrier wire; less surface force required from wire 
spool operating equipment; less sophistication required 
in the knowledge of the person operating the surface 
10 equipment; greater force generation downhole than with 
conventional slickline operations; and less significant ef- 
fect by depth of the tool since the carrier wire need only 
be used to position the tool string. 
[0007] Although not limited in its broadest sense to 
is longitudinal force, the preferred embodiment of the 
present invention is a downhole longitudinal force gen- 
erator. This downhole longitudinal force generator com- 
prises: a longitudinal force generating and transmitting 
assembly adapted to be moved into a well, and a con- 
troller adapted to be moved into the well and connected 
to the longitudinal force generating and transmitting as- 
sembly. The controller includes a memory containing a 
program to control the longitudinal force generating and 
transmitting assembly to obtain at least one desired op- 
erating condition in the well. The downhole longitudinal 
force generator can further comprise a self-contained 
power source adapted to be moved into the well; this 
may provide electrical power to one of, or both, the force 
generating and transmitting assembly and/or the con- 
troller. 

[0008] In a particular implementation, the longitudinal 
force generating and transmitting assembly includes an 
electric motor and a jackscrew assembly. The motor in- 
cludes a rotor, and the motor is responsive to control 
from the controller. The jackscrew assembly includes a 
rotational member connected to the rotor, and it further 
includes a translational member. The translational 
member engages the rotational member such that rota- 
tion of the rotational member moves the translational 
member longitudinally relative to the rotational member. 
The controller may be adapted to operate the motor 
such that the translational member is movable in either 
of two directions relative to the rotational member. 
[0009] The downhole longitudinal force generator can 
also comprise a sensor connected to the controller. The 
sensor may be responsive to at least one desired oper- 
ating condition in the well. For example, the sensor may 
sense the position of the translational member relative 
to the rotational member or may sense the position of a 
device connected to the translational member. The con- 
dition sensed may be an environmental parameter. 
[0010] The memory is programmable at the surface 
of the well and may be programmable in the well. 
[0011] According to another aspect of the invention 
there is provided a downhole force generator, compris- 
ing: a first body; a second body connected to the first 
body such that the first body is movable relative to the 
second body; a controller disposed in one of the first and 
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second bodies to actuate movement of the first body rel- 
ative to the second body and to stop movement of the 
first body relative to the second body when a desired 
state of operation is obtained; and a sensor, connected 
to the controller, to sense when the desired state of op- 5 
eration is obtained. 

[0012] In an embodiment, the second body includes 
an elongated housing, a motor disposed in the housing, 
and a sleeve connected to a rotor of the motor; and the 
first body includes a threaded shaft received in the 
sleeve such that the shaft moves longitudinally in the 
housing in response to the motor rotating the sleeve. 
[0013] In an embodiment, the downhole force gener- 
ator further comprises a self-contained power source, 
and the power source provides electrical power to one 
of, or both, the motor and the controller. 
[001 4] The sensor may sense the position of the shaft 
relative to the second body or the position of a device 
connected to the shaft. The sensor may sense a condi- 
tion responsive to the position of the shaft relative to the 
second body or a condition responsive to the position of 
a device connected to the shaft; in either case, the con- 
dition sensed may be an environmental parameter. 
[0015] The controller may be adapted to operate the 
motor such that the shaft is movable in either of two di- 
rections relative to the sleeve. 
[0016] The controller is programmable at the surface 
of the well or may be programmable in the well. 
[0017] The present invention also includes a method 
of providing a linear force in an oil or gas well. This par- 
ticular method comprises sensing in the well with a de- 
tector a parameter responsive over a continuum to 
changes in a selected operating condition in the well. 
This includes generating with the detector electrical sig- 
nals representing the sensed parameter. This method 
further comprises actuating a microcontroller, located in 
the well and connected to the detector in the well, to run 
a predetermined program stored in the microcontroller 
and running the program to obtain a specific state of the 
selected operating condition represented within the con- 
tinuum of the sensed parameter. This includes connect- 
ing a power source disposed in the well with the micro- 
controller to initiate continuous linear movement of a first 
body relative to a second body, wherein the first and sec- 
ond bodies are disposed in the well with the microcon- 
troller and the power source; continuously processing 
electrical signals received from the detector and deter- 
mining where within the continuum the sensed param- 
eter is; and disconnecting the power source to stop the 
linear movement of the first body relative to the second 
body when it is determined that the sensed parameter 
is at the point in the continuum corresponding to the spe- 
cific state of the selected operating condition. This meth- 
od can further comprise fixing the second body in posi- 
tion relative to either the well or an object in the well. 
[0018] Reference is now made to the accompanying 
drawings, in which: 



FIG. 1 is a block and schematic illustration depicting 
an embodiment of a downhole force generator ac- 
cording to the present invention disposed in a well. 
FIG. 2 is a block and schematic illustration of pre- 
ferred embodiments of a downhole force generator 
according to the present invention. 
FIG. 3 is a block and schematic illustration of a pre- 
ferred embodiment of an embodiment of a micro- 
controller for use with the embodiments shown in 
FIG. 2. 

FIG. 4 is a flow diagram of a program for the micro- 
controller. 

FIG. 5 is a block diagram illustrating two program- 
ming techniques for the microcontroller. 
FIGS. 6 and 7 form a partial vertical section of a 
particular implementation of the downhole force 
generator according to the present invention. 

[0019] Preferred embodiments of a downhole force 
generator of the present invention will be described with 
reference to FIGS. 1-5. A particular implementation will 
then be described with reference to FIGS. 6 and 7. 
[0020] Referring to FIG. 1 , the downhole force gener- 
ator includes a downhole power unit 2 which is operated 
by a controller 4 to move one or more parts of an oper- 
ated device 6. The downhole power unit 2, the controller 
4 and the operated device 6 are illustrated in FIG. 1 as 
part of a tool string illustrated as having been lowered 
by conventional means into a well 8, such as an oil or 
gas well. The well 8 can be either an open borehole or 
a cased or lined hole. The tool string can also be dis- 
posed inside of an outer string which itself is located in 
the well 8. 

[0021] The tool string conveyed into the well 8 can be 
of any suitable type. Examples illustrated in FIG. 1 in- 
clude a wireline, a slickline or coiled tubing exemplified 
by the reference numeral 10 in FIG. 1 or a pipe or tubing 
string represented by the reference numeral 12 in FIG. 
1. 

[0022] Before describing the downhole power unit 2 
and the controller 4 in more detail, the operated device 
6 will be described. The operated device 6 is not a part 
of the present invention but rather is the workpiece op- 
erated upon by the invention. As such, it can be any suit- 
able device adapted to receive the force generated and 
transmitted by the present invention. Examples of par- 
ticular devices 6 include plugs, locks, infinitely variable 
chokes, sliding sleeves, and, in general, valves which 
can be operated by a linear motion. These devices, and 
others, can be ones which are used in any of the various 
operations of drilling, testing, completing or producing a 
well. 

[0023] Referring to FIG. 2, the downhole power unit 2 
of the preferred embodiment comprises a longitudinal 
force generating and transmitting assembly adapted to 
be moved into the well. As illustrated in FIG. 2, the as- 
sembly includes a first body 14 and a second body 16 
connected to the first body 14 such that the first body 
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14 is moveable relative to the second body 16. The first 
body 14 is shown as a translational member which can 
move linearly and longitudinally in two directions relative 
to the second body 16 as indicated by arrows 17. The 
second body 16 is typically tixed in position relative to 
either or both of the operated device 6 or the well 8 (the 
device 6 is depicted in FIGS. 1 and 2, and the well 8 is 
depicted in FIG. 1). For example, the body 16 can abut 
part of the device 6 so that the body 1 6 is thereby fixed 
relative to the device 6, or the body 16 can include a 
mechanism (e.g., slips, keys, or dogs) that engages the 
well 8 or an outer string to fix the body 1 6 relative there- 
to. 

[0024] As will be subsequently described in more de- 
tail with regard to FIGS. 6 and 7, the second body 16 of 
a particular implementation includes an elongated hous- 
ing, a motor disposed in the housing, and a sleeve con- 
nected to a rotor of the motor. The sleeve is a rotational 
member that rotates with the rotor. In this implementa- 
tion, the translational member or first body 14 is a 
threaded shaft received within the threaded interior of 
the sleeve or rotational member of the second body 1 6. 
Operation of the motor by the controller 4 rotates the 
sleeve which causes the threaded shaft to move longi- 
tudinally relative to a predetermined reference position, 
such as defined by the body 16. 
[0025] Still referring to FIG. 2, the controller 4 is pref- 
erably a microcontroller 18 made of suitable electrical 
components to provide miniaturization and yet durability 
within the high pressure, high temperature environ- 
ments which can be encountered in an oil or gas well. 
Suitable such components are known in the art. The mi- 
crocontroller 18 is responsive to one or more sensors 
20. 

[0026] The controller 4, of whatever implementation, 
is adapted to be moved into the well 8 and connected 
to the longitudinal force generating and transmitting as- 
sembly in a suitable manner. For example, the micro- 
controller 18 embodiment can be housed within the 
structure of the downhole power unit 2, or it can be con- 
nected outside of the unit but within the tool string moved 
into the well. The microcontroller 1 8 can be disposed in 
the first body 14 or the second body 16. In whatever 
physical location the controller 4 is disposed, it is oper- 
ationally connected to the downhole power unit 2 to ac- 
tuate movement of the first body 1 4 relative to the sec- 
ond body 16 and to stop movement of the first body 1 4 
relative to the second body 16 when a desired state of 
operation is obtained. A non-limiting example of such a 
desired state is an opened or closed state of a valve. It 
is a particular advantage of the microcontroller 18 em- 
bodiment that "infinite" control of the desired state can 
be obtained so that with regard to a valve, for example, 
different degrees of 'openness' or 'closedness' can be 
obtained with the present invention. 
[0027] Referring to FIG. 3, the microcontroller 18 in- 
cludes a microprocessor 22 which operates under con- 
trol of a timing device or circuit 24 and a program stored 



in a memory 26. The program in the memory 26 includes 
instructions which cause the microprocessor 22 to con- 
trol the downhole power unit 2 through an interface 28 
(e.g., a relay or an electrical switch). The components 
s of the microcontroller 18 are of known types and are 
connected in a known manner given particular types of 
components used. 

[0028] The microcontroller 18 operates under power 
from a power supply which can be at the surface of the 

10 well or, preferably, contained within the microcontroller 
18, the downhole power unit 2 or otherwise within the 
downhole portion of the tool string of which these com- 
ponents are a part. The self-contained power supply 30 
shown in FIG. 3 is preferably adapted to be moved into 

is the well. This power source provides electrical power to 
at least one, and preferably both, of the longitudinal 
force generating and transmitting assembly and the 
controller of the present invention. For a particular im- 
plementation, the power source 30 provides the electri- 

20 cal power to both the motor of the downhole power unit 
2 and the microcontroller 18 of the controller 4. By way 
of example, the power supply 30 can be the power sup- 
ply of the downhole power unit 2 described in more detail 
below with reference to FIGS. 6 and 7. 

25 [0029] Referring to FIG. 4, an example of a program 
stored in the memory 26 is illustrated. The first illustrated 
action is initialization, such as to operate the operated 
device 6 to a beginning or known state. For a valve, this 
can be to either a fully opened position or a fully closed 

30 position or to some identifiable intermediate position. 
Other initialization (e.g., system testing) can be per- 
formed. 

[0030] Once initialized, the program causes the mi- 
crocontroller 18 to determine whether an operation 

35 event has occurred. One example is whether a prede- 
termined timeout period has expired. Another example 
is whether a predetermined condition of the well envi- 
ronment is sensed (e.g., a bottom hole pressure, an an- 
nulus pressure, a temperature, a formation characteris- 

40 tic, a fluid characteristic). Still another example is wheth- 
er a control signal has been received from the surface 
(e.g., an electrical signal sent through a wireline, an 
acoustical signal sent through a tubing string or fluid in- 
side or outside the tubing string, a pressure signal sent 

45 through a fluid in the tubing string or in the well, a signal 
sent via a fiberoptic cable, or an electromagnetic signal 
transmitted through the earth). Such a transmitted con- 
trol signal can come from a surface unit (not shown) that 
sends a suitably addressed or otherwise recognizable 

so command. 

[0031] If the operation event has occurred, the micro- 
controller 18 commences operation of the downhole 
power unit as programmed. With regard to controlling a 
motor that operates a sleeve receiving the translational 

ss member 14 as referred to above, this includes energiz- 
ing the motor to rotate the sleeve in the desired direction 
to either extend or retract the translational member 14. 
The sensor 20 monitors this operation and provides re- 
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sponsive signals to the microcontroller 1 8. When the mi- 
crocontroller 18 determines that a desired result has 
been obtained, it stops operation of the downhole power 
unit, such as by de-energizing the motor of the exempli- 
fied implementation. Once operation has stopped, the s 
program returns to its status where it monitors for wheth- 
er an operation event has occurred. 
[0032] In operating the downhole power unit to obtain 
the desired result, the microcontroller 18 can operate in 
any suitable manner. Two examples include (1 ) using 
look-up tables or (2) using equations to determine 
whether the desired result has been obtained. Either of 
these can be used to provide control for a single event 
or for multiple events, such as a sequence of events, for 
example. With regard to a look-up table implementation, 
a table of data is programmed in the memory 26. As 
each reading from the sensor 20 is taken by the micro- 
controller 18, the microcontroller 1 8 looks up in the table 
the corresponding state indicated by the signal from the 
sensor. With regard to an infinitely variable choke imple- 
mentation, this condition could correspond to, for exam- 
ple, the position of the shaft 14, or the percent of "open- 
ness" of the choke, or the flow rate controlled by the 
choke. 

[0033] With regard to the equation implementation, 
the memory 26 is programmed with one or more equa- 
tions to calculate data specifying the state indicated by 
the signal read by the microcontroller 1 8 from the sensor 
20. For example, the microcontroller 18 can be pro- 
grammed to read that a first predetermined signal from 
the sensor 20 indicates that the translational member 
1 4 is at one end of its travel and thus the operated device 
6 is at one extreme state. In this example, the microcon- 
troller 18 can also be programmed to recognize that a 
different predetermined signal read from the sensor 20 
indicates that the translational member 14 is at the other 
end of its longitudinal travel and that the operated device 
is at its other extreme state. The microcontroller 18 can 
further be programmed with the interpolation relation- 
ship (e.g., linear) of the signals from the sensor 20 and 
the two predetermined signals referred to above. With 
this information, the microcontroller 1 8 is able to read a 
signal from the sensor 20 and calculate where between 
the two extremes the translational member 1 4 is located 
as indicated by the respective sensor signal. 
[0034] The foregoing can be programmed such that 
the downhole power unit 2 can be operated over a var- 
iable range. For example, with a motor implementation, 
the microcontroller 18 can be programmed to operate 
the motor at variable speeds to slow it down or speed it 
up in addition to simply turning it on or off or reversing 
direction. 

[0035] Regarding the programming of the microcon- 
troller 18, this can be done at the surface or downhole 
as illustrated in FIG. 5. For surface programming, a sur- 
face programming unit 32 can be mechanically plugged 
into the microcontroller 18 or it can be connected by 
electromagnetic or optical signals which are received 



and transmitted by a suitable receiver 34 and transmitter 
36 connected to the microcontroller 18. A downhole pro- 
gramming unit 38 can be similarly used. The downhole 
programming unit 38 can be lowered into the well sep- 
arately from the tool string containing the downhole 
power unit 2, the controller 4 and the operated device 
6, but into proximity with the microcontroller 18 for com- 
municating through the receiver 34 and the transmitter 
36. As with the surface programming unit 32, this com- 
munication can be through mechanical coupling or by 
electromagnetic or optical signaling, for example. 
[0036] The microcontroller 18 can be programmed 
with specific data to adapt it to any particular application. 
For example, the overall program can be stored in the 
microcontroller with merely numerical data needing to 
be entered for any particular job. For example, if a var- 
iable choke is to be operated specifically to a sixty-three 
percent open condition, the number "63" is entered if the 
program is so adapted to receive this type of input. Other 
types of input data can be used as well, such as entering 
a sequence of states to be obtained, or entering com- 
plete program code for some or all of the operating pro- 
gram in the memory 26. 

[0037] Referring to the sensor 20 of the present in- 
vention, it can be of any suitable type which is respon- 
sive to some parameter having a correspondence with 
the desired operating condition in the well. More than 
one sensor can be used. 

[0038] With regard to the nature of the sensor, it can 
be one which responds to the position of the translation- 
al member relative to the second body 16. This sensor 
is represented by sensor 20a in FIG. 2. For example, 
this can include an optical or acoustical sensor which 
senses the time between transmitting an optical or 
acoustical signal and receiving a reflection of it from a 
polished end surface of the translational member 14 
movably located relative to a position of the sensor fixed 
to the second body 16. 

[0039] Another example of the sensor 20a is one 
which senses the number of revolutions of the threaded 
shaft implementation of the translational member 14. 
Such a sensor operates in combination with the program 
of the microcontroller 18 that is initialized with the initial 
position of the translational member 1 4 and with the total 
number of revolutions it takes from that initial location 
to reach either the extreme extension position or the ex- 
treme retraction position of the translational member 14. 
By counting the revolutions and using it with the initial- 
ized position data, the microcontroller determines the 
state of operation of the device 6. 
[0040] The sensor 20a can also include a current sen- 
sor to sense the load current of the motor operating the 
sleeve which causes the extension or retraction of the 
translation member 14. 

[0041] Still another example of the sensor 20a is a 
tuned system wherein the translational member 14 var- 
ies the capacitance or inductance of the tuned system 
by the different amount of the translational member 14 
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which is within the cavity of the second body 16 into 
which the translational member 14 is extended from or 
retracted into. 

[0042] The sensor 20 can also include a sensor 20b 
(FIG. 2) which senses the position or state of operation 
of the operated device 6 connected to the translational 
member 1 4. The sensor 20b includes types that can de- 
tect changes in position of one member relative to an- 
other given a specific operated device 6. For example, 
if the device 6 is a valve, the sensor 20b can be of the 
type that senses changes in the position of the valve 
element relative to the valve body. 
[0043] Still further, the sensor can be the sensor 20c 
(FIG. 2) which responds to the condition that results 
from operation of the operated device 6. For example, 
if the operated device is a valve, the sensor 20c can be 
a flow meter which senses the flow that responds to the 
state of the valve. The sensor 20c thus responds to an 
environmental parameter in this illustration. Non-limiting 
examples of other environmental parameters that can 
be sensed are pressure, temperature, a characteristic 
of fluid, and strain in a tool. 

[0044] Another type of sensor that can be used is one 
which enables the location of the tool in the well to be 
determined. This is desirable for confirming that the op- 
eration of the tool occurs at the correct location, and with 
the correct downhole device. This type of sensor would 
typically be used in addition to the aforementioned sen- 
sor 20, and can be of a type known in the art. A strain 
gauge would also be acceptable. 
[0045] FIGS. 6 and 7 illustrate in partial vertical sec- 
tion upper and lower portions of a particular implemen- 
tation of a downhole longitudinal force generator tool 
100 constructed in accordance with the present inven- 
tion. Tool 100 includes a working assembly, indicated 
generally at 1 01 , and a power assembly, indicated gen- 
erally at 102. Power assembly 102 includes a housing 
assembly 104 which comprises suitably shaped and 
connected generally tubular housing members. An up- 
per portion of housing assembly 104 includes an appro- 
priate mechanism to facilitate coupling of housing 104 
to a conveying member such as slickline, coiled tubing, 
or possibly wireline. Other mechanisms for coupling into 
a pipe or tubing string can also be implemented, for ex- 
ample. Housing assembly 1 04 also includes a selective- 
ly replaceable clutch housing 1 14 as will be described 
later herein, which forms a portion of a clutch assembly 
145. 

[0046] Power assembly 1 02 includes a self-contained 
power source, eliminating the need for power to be sup- 
plied from an exterior source, such as a source at the 
surface. A preferred power source comprises a battery 
assembly 106. In one implementation, battery assembly 
106 comprises a pack of eighteen C-cell type alkaline 
batteries. 

[0047] Connected with power assembly 102 is the 
force generating and transmitting assembly. The force 
generating and transmitting assembly of this implemen- 



tation includes a direct current (DC) electric motor 108, 
coupled through a gearbox 109, to a jackscrew assem- 
bly 110. A plurality of activation mechanisms 121, 122 
and 123, as will be described, can be electrically cou- 
5 pled between battery assembly 106 and electric motor 
108. 

[0048] Electric motor 1 08 may be of any suitable type. 
One example is a motor operating at 7500 revolutions 
per minute (rpm) in unloaded condition, and operating 

io at approximately 5000 rpm in a loaded condition, and 
having a horsepower rating of approximately 1/30th of 
a horsepower (24.9 W). In this implementation, motor 
108 is coupled through the gearbox 109 which provides 
approximately 5000:1 gear reduction. Gearbox 109 is 

f5 coupled through a conventional drive assembly 115 to 
jackscrew assembly 110. 

[0049] The jackscrew assembly 110 includes a 
threaded shaft 111 which moves longitudinally, at least 
initially, in response to rotation of a sleeve assembly 
20 112. In this implementation, threaded shaft 111 is a five 
pitch shaft. Threaded shaft 1 1 1 includes a threaded por- 
tion 117, and a generally smooth, polished lower exten- 
sion 150. Threaded shaft 111 further includes a pair of 
generally diametrically opposed keys 125 that cooper- 
25 ate with a clutch block 128 which is coupled to threaded 
shaft 111. 

[0050] Clutch housing 114 includes a pair of diamet- 
rically opposed keyways 126 which extend along at 
least a portion of the possible length of travel. Keys 1 25 
30 extend radially outwardly from threaded shaft 111 
through clutch block 128 to engage each of keyways 
126 in clutch housing 114 thereby preventing rotation of 
threaded shaft 111 relative to housing 114. 
[0051] Rotation of sleeve assembly 1 1 2 in one direc- 
ts tion causes threaded shaft 111 and clutch block 128 to 
move longitudinally upwardly relative to housing assem- 
bly 1 1 4 if the shaft 1 1 1 is not at its uppermost limit (if the 
shaft 111 is not at its lowermost position and the clutch 
assembly is coupled, rotation of the sleeve assembly 
40 1 1 2 in the opposite direction moves the shaft 111 down- 
wardly relative to the housing 114). Above a certain level 
within clutch housing 114, as indicated generally at 140, 
clutch housing 114 includes a relatively enlarged inter- 
nal diameter bore 1 46 such that moving clutch block 1 28 
4S above level 1 40 removes the outwardly extending key 
1 25 from being restricted from rotational movement. Ac- 
cordingly, continuing rotation of sleeve or collar assem- 
bly 1 1 2 causes longitudinal movement of threaded shaft 
1 1 1 until clutch block 1 28 rises above level 1 40, at which 
so point rotation of sleeve assembly 112 will result in free 
rotation of threaded shaft 111. By virtue of this, clutch 
assembly 1 45 serves as a safety device to prevent bum- 
out of the electric motor, and also serves as a stroke 
limrter. 

55 [0052] The tool 1 00 of Fl GS. 6 and 7 can incorporate 
one or more discrete activation assemblies, separate 
from or part of the controller 4 whose other components 
are located such as indicated generally in FIG. 7. The 
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activation assemblies enable the jackscrew 110 to op- 
erate upon the occurrence of one or more predeter- 
mined conditions. This can implement the FIG. 4 depict- 
ed decision of whether an operation event has occurred. 
This control is particularly desirable when the tool is em- 
ployed to run a lock as the activation assemblies help 
ensure that the lock is not inadvertently set at an improp- 
er location in the tubing string. 
[0053] One depicted activation assembly is timing cir- 
cuitry 121 of a type known in the art. Timing circuitry is 
adapted to provide a signal to the controller 4 in FIG. 7 
after passage of a predetermined amount of time. Fur- 
ther, the tool 100 can include an activation assembly in- 
cluding a pressure-sensitive switch 122 of a type gen- 
erally known in the art which will provide a control signal 
once the switch 1 22 reaches a depth at which it encoun- 
ters a predetermined amount of hydrostatic pressure 
within the tubing string. Still further, the tool 10 can in- 
clude an accelerometer 123, sensitive to vertical motion 
of the tool 100. Accelerometer 123 can be combined 
with timing circuitry 121 such that when motion is de- 
tected by the accelerometer 1 23, the timing circuitry 1 21 
is reset. If so configured, the activation assembly oper- 
ates to provide a control signal after the accelerometer 
1 23 detects that the tool 1 00 has remained substantially 
motionless within the well for a predetermined amount 
of time. 

[0054] Also depicted in FIG. 7 is the working assembly 
101. Working assembly 101 includes an actuation as- 
sembly 1 51 which is coupled through housing assembly 
104 to be movable therewith. Actuation assembly 151 
includes an outer sleeve member 154 which is thread- 
ably coupled at 1 52 to housing assembly 1 04. Working 
assembly 101 also includes a connecting sub 131 which 
is threadably coupled at 158 to a lower end of the oth- 
erwise polished portion 1 50 of threaded shaft 111. Con- 
necting sub 131 facilitates connecting to the operated 
device 6, such as through shear pins 130. Shear pins 
130 are adapted to shear and disconnect the device 6 
from the tool 100 upon application of a predetermined 
shear toad. The predetermined shear load should gen- 
erally correspond to an amount at least slightly greater 
than that required to operate the device 6. When the tool 
100 is coupled through engagement of shear pin 130 
with connecting sub 1 31 and the operated device 6, the 
placement of outer sleeve 1 54 will be adjusted such that 
the lower proximate end 162 of sleeve 154 contacts an 
outer body of the operated device 6. 
[0055] Additional background information may be 
found in U.S. Patent No. 5,492,173 which is discussed 
above. 

[0056] The method of the present invention, whether 
used with the implementation of FIGS. 6 and 7 or oth- 
erwise, provides a linear force in an oil or gas well in a 
manner apparent from the foregoing description of the 
preferred embodiments of the downhole force genera- 
tor. More explicitly, however, the method comprises 
sensing in the well with a detector a parameter respon- 



sive over a continuum to changes in a selected operat- 
ing condition in the well. This includes generating with 
the detector electrical signals representing the sensed 
parameter. For example, any of the sensors 20 can be 
s used to perform this step. As a particular example, the 
sensor 20a monitors the translational distance or move- 
ment of the translational member 14 which causes po- 
sition change between two displacement extremes. In 
response to a detected position, the sensor 20a gener- 
ic ates an electrical signal that is provided to the microcon- 
troller 18. 

[0057] The method of the present invention further 
comprises actuating the microcontroller to run a prede- 
termined program stored in the microcontroller. The mi- 
15 crocontroller is located in the well and connected to the 
detector in the well as described above with regard to 
the microcontroller 18 and any of the sensors 20. The 
method also includes running the program to obtain a 
specific state of the selected operating condition repre- 
20 sented within the continuum of the sensed parameter. 
For the above translation sensing example, the specific 
state would be a particular desired position which is 
within the continuum of positions that can be sensed by 
the respective sensor 20a. 
25 [0058] Actuating the microcontroller and running the 
program include connecting the power source disposed 
in the well with the microcontroller to initiate continuous 
linear movement of a first body relative to a second 
body, wherein the first and second bodies are disposed 
30 in the well with the microcontroller and the power 
source. For the illustrated implementation of FIGS. 6 
and 7, this includes connecting the power source 106 to 
the motor 108 so that the motor 108 rotates the sleeve 
assembly 1 1 2 to move the shaft 1 1 1 . As this occurs, the 
35 microcontroller continuously processes electrical sig- 
nals received from the detector and determines where 
within the continuum the sensed parameter is. For the 
above example, this means monitoring the position as 
sensed by the sensor 20a. When it is determined that 
40 the sensed parameter is at the point in the continuum 
corresponding to the specific state of the selected oper- 
ating condition (e.g., when the sensed position equals 
the desired position), the running program causes the 
disconnecting of the power source to stop the linear 
45 movement of the first body relative to the second body 
(e.g., the power source 106 is disconnected from ener- 
gizing the motor 108). 

[0059] To allow the movement of the first body relative 
to the second body to generate sufficient force to oper- 
so ate the device 6, the method further comprises fixing the 
second body in position relative to the well or relative to 
an object (typically the device 6) in the well as explained 
above in the description of the apparatus of the present 
invention. 

55 [0060] It will be appreciated that the invention de- 
scribed above may be modified. 
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Claims 

1. A downhole longitudinal force generator, compris- 
ing: a longitudinal force generating and transmitting 
assembly adapted to be moved into a well (8); and 
a controller (4) adapted to be moved into the well 
(8) and connected to the longitudinal force generat- 
ing and transmitting assembly, the controller (4) in- 
cluding a memory (26) containing a program to con- 
trol the longitudinal force generating and transmit- 
ting assembly to obtain at least one desired operat- 
ing condition in the well (8). 

2. A downhole longitudinal force generator according 
to claim 1 , further comprising a sensor (20) respon- 
sive to the at least one desired operating condition 
in the well (8), the sensor being connected to the 
controller (4). 

3. A downhole longitudinal force generator according 
to claim 1 or 2, further comprising a self-contained 
power source (30) adapted to be moved into the 
well (8), wherein the power source (30) provides 
electrical power to at least one of the longitudinal 
force generating and transmitting assembly and the 
controller (4). 

4. A downhole longitudinal force generator according 
to any preceding claim, wherein the longitudinal 
force generating and transmitting assembly in- 
cludes: an electric motor (108) including a rotor, the 
motor responsive to control from the controller (4); 
and a jackscrew assembly (110) including a rota- 
tional member connected to the rotor, and a trans- 
lational member engaged with the rotational mem- 
ber such that rotation of the rotational member 
moves the translational member longitudinally rel- 
ative to the rotational member. 

5. A downhole force generator, comprising: a first 
body (1 4); a second body (1 6) connected to the first 
body (14) such that the first body (14) is movable 
relative to the second body (1 6); a controller (4) dis- 
posed in one of the first and second bodies (14,16) 
to actuate movement of the first body (14) relative 
to the second body (16) and to stop movement of 
the first body (14) relative to the second body (16) 
when a desired state of operation is obtained; and 
a sensor (20), connected to the controller (4), to 
sense when the desired state of operation is ob- 
tained. 

6. A downhole force generator according to claim 5, 
wherein: the second body (16) includes an elongat- 
ed housing , a motor disposed (108) in the housing, 
and a sleeve (1 1 2) connected to a rotor of the motor 
(108); and the first body (14) includes a threaded 
shaft (11 1 Jreceived in the sleeve (112) such that the 



shaft (111) moves longitudinally in the housing in re- 
sponse to the motor (1 08) rotating the sleeve (112). 

7. A downhole force generator according to claim 5 or 
5 6, wherein the sensor (20) senses a condition re- 
sponsive to the position of a device connected to 
the shaft (111). 



8. A method of providing a linear force in an oil or gas 
10 well (8), comprising: sensing in the well with a de- 
tector a parameter responsive over a continuum to 
changes in a selected operating condition in the 
well, including generating with the detector electri- 
cal signals representing the sensed parameter; and 

15 actuating a microcontroller (18), located in the well 
and connected to the detector in the well, to run a 
predetermined program stored in the microcontrol- 
ler (1 8) and running the program to obtain a specific 
state of the selected operating condition represent- 
ee ed within the continuum of the sensed parameter, 
including connecting a power source (30) disposed 
in the well with the microcontroller (18) to initiate 
continuous linear movement of a first body (14) rel- 
ative to a second body (16), wherein the first and 
25 second bodies (14,16) are disposed in the well (8) 
with the microcontroller (18) and the power source 
(30), continuously processing electrical signals re- 
ceived from the detector and determining where 
within the continuum the sensed parameter is, and 
30 disconnecting the power source (30) to stop the lin- 
ear movement of the first body (14) relative to the 
second body (16) when it is determined that the 
sensed parameter is at the point in the continuum 
corresponding to the specific state of the selected 
35 operating condition. 

9. A method according to claim 8, further comprising 
fixing the second body (16) in position relative to the 
well (8). 

40 

10. The method according to claim 9, further compris- 
ing fixing the second body (16) in position relative 
to an object in the well (8). 
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